Background Reproductive factors have been well-documented risk factors for breast cancer. Few studies have examined whether the associations between reproductive factors and breast cancer differed across races/ethnicities. Methods We analyzed a sub-sample (70, 734) of the Prostate, Lung, Colorectal, and Ovarian (PLCO) dataset. Participants with valid baseline questionnaire and without breast cancer at enrollment were included into analysis. We stratified the participants into subgroups based on their races/ethnicities then estimated the effects of the reproductive factors on breast cancer within each group using Cox-proportion regression models. Results Oral contraceptive use (HR=1.09, 95% confidence interval or CI=1.01, 1.18), advanced age at natural menopause (HR=1.25, 95% CI=1.06, 1.49) were associated with increased risk of breast cancer in non-Hispanic Caucasians group only. Long term use of menopausal hormone therapy (more than five years) was associated with increased risk of breast cancer in both of the non-Hispanic Caucasian (HR=1.44, 95% CI=1.31, 1.59) group and the non-Hispanic Asian/Pacific Islander (HR=1.98, 95% CI=1.23, 3.20) group, but not in other race/ethnic groups. Hispanics who tried to become pregnant for a year or more had increased risk of breast cancer (HR=2.60, 95% CI=1.05, 6.46) than their counterparts without difficulty in getting pregnancy. In addition, surgery induced menopause was found to be a protective factor for breast cancer in non-Hispanic Caucasian (HR=0.88, 95% CI=0.79, 0.98) group only. Conclusions We concluded that different races/ethnicities had different breast cancer related reproductive risk factors. Non-Hispanic Caucasians had the most breast cancer related reproductive risk factors, while the minorities had none or few breast cancer related reproductive risk factors and among these few factors only 1 was also risk factor for non-Hispanic Caucasians.
Introduction
Breast cancer incidences vary greatly across races/ethnicities, with high incidences in non-Hispanic Caucasians and African-Americans and low incidences in Asians and Hispanics whose age are more than 60 years reporting practices, and prevalence of risk factors might partially explain the disparities of breast cancer incidences across races/ethnicities, we suspected that the varied effects of breast cancer risk factors among different races/ethnicities might also contribute to these differences.
Reproductive factors such as advanced age at pregnancy, early age at menarche, and advanced age at menopause are well-documented risk factors for breast cancer 5, 6 and some of them are routinely used to predict woman's breast cancer risk (e.g., Gail model) 7 . However, different races/ethnicities have differential genetic backgrounds, breast tissue density, and estrogen sensitivities, thus the effects of these reproductive risk factors on breast cancer are very likely different across races/ethnicities. Until now, only few studies have tested this hypothesis [8] [9] [10] . Unfortunately, of these studies, the researchers compared the effects of reproductive factors on breast cancer only in limited race groups and did not include non-Hispanic Asian/Pacific Islanders whose population size is increasing rapidly in United States [8] [9] [10] .
In this study, we aimed to determine whether the effects of some specific reproductive risk factors on breast cancer varied across races/ethnicities by analyzing a subset of Prostate, Lung, Colorectal, and Ovarian (PLCO) study dataset in which the non-Hispanic Asian/Pacific Islanders accounted for about 4.0%. Our study could shed light on screening racial/ethnic specific breast cancer related reproductive risk factors and explaining the disparities in breast cancer incidences across different races/ethnicities.
Materials and Methods

Setting and Data Collection
We analyzed a sub-sample of the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening dataset. The detailed design of PLCO study can be found elsewhere 12 . Briefly, PLCO study is a randomized clinical trial aiming at determining whether the traditional screening tests (PSA blood tests, digital rectal exams, chest X-ray, flexible sigmoidoscopy, cancer antigen 125, and transvaginal ultrasound) reduce the mortality from prostate, lung, colorectal, and ovarian cancers. This trial was conducted in ten centers across U.S. (i.e., Alabama, Michigan, Colorado, Hawaii, Wisconsin, Minnesota, Pennsylvania, Utah, Missouri, and Washington DC). Nine centers started recruitment in 1993 and one center in 1998. All the centers ended recruitment at 2001. The eligibility criteria for participants were listed as below: age between 55-74 years, with no previous history of prostate, lung, colorectal, or ovarian cancer, and not participate in other cancer screening or prevention trials. After entry, the participants were randomly assigned into intervention arm or control arm. The participants in the intervention arm received series of screening tests for prostate, lung, colorectal, and ovarian cancers. The participants in control arm only received routine health care from their health care providers. The screening process for the intervention group ended in 2006, but the annual followup continues for more than ten years (i.e., median followup time=12.5 years). All the participants signed the study informed consent forms which had been reviewed and approved by the Institutional Review Board at the National Cancer Institute and local sites.
Participants
In this study, participants with valid baseline questionnaire and completed breast cancer information in both intervention and control arms were considered as eligible. Figure 1 shows the analytic sample selection process. Briefly, a total of 154,897 participants were enrolled into PLCO study at baseline and among them 78,215 were females. Among the female participants, 7,273 were diagnosed as cancer patients at baseline and thus were excluded from our analysis. Finally, 70,942 female participants (i.e., 35,550 in the intervention arm and 35,392 in the control arm) without cancer history at baseline were included into analysis.
Exposure
At baseline, 96.8% of the participants completed a self-reported questionnaire to collect demographics, smoking history, family history of cancer, body mass index (BMI), medical conditions, personal history of cancer, and reproductive history information. We defined reproductive history information as the main exposure of this study. Reproductive information included oral contraceptive (OC) use (i.e., Yes vs. No), menopausal hormone therapy (MHT) use (i.e., never, former, current user less than 5 years, and current users more than 5 years), age at birth of first child (i.e., less than 20, 20-24, 25-29, 30-34, and ≥35 years ) , age at first pregnancy ( ≤ 19, 20-24, 25-29, 30-34 , and ≥ 35 years), numbers of early termination of pregnancies (none, one, two or more), numbers of pregnancies (none, one, two, three to four, five to nine, and more than ten), age at menarche (i.e., ≤11, 12-13, 14-15, ≥16 years), age at natural menopause (i.e., <40, 40-44, 45-49, 50-54, ≥55 years), and menopause type (i.e., natural menopause, radiation and drug therapy induced menopause, surgery induced menopause). 
Outcomes
The outcome of this analysis is the incidence of breast cancer post study enrollment. Researchers collected breast cancer information by mailing paper based self-reported annual study update (ASU) questionnaire, giving telephone calls, reviewing medical records and/or death certificate. In more recent years, state cancer registries were used to identify/confirm breast cancer diagnosis. We defined the follow-up time (in days) as the time interval between the date from trial entry (randomization) to the date of breast cancer diagnosis, death, or last contact. We defined observations with breast cancer diagnosis as complete data and observations with death or losing contact as censored data.
Covariates
According to our experience and the literature, we considered age at baseline, educational level, marital status, family female breast cancer history, current BMI status, benign breast diseases history, and all the other reproductive factors as confounding factors. The PLCO researchers collected the confounding factors information via the baseline questionnaire. Age at baseline was included into analysis as a continuous variable, while other variables were included as categorical variables.
Statistical analysis
We used mean and standard deviation (SD) or median and interquartile range (IQR) to describe continuous variables and percentages to describe categorical variables. We estimated the overall (i.e., all races/ethnicities) hazard ratios (HR) and 95% confidence intervals (CI) of each reproductive factor on breast cancer using Cox proportional hazards models. Then we stratified the participants into different race groups and estimated the effects of reproductive factors on breast cancer (HR and 95% CI) within each group using multiple Cox proportional hazards regression models. Finally, we estimate the differences in effects of breast cancer of each reproductive factor across races/ethnicities by adding the interaction terms of "reproductive factor × races/ethnicities" into Cox regression models. All the data analyses were performed by SAS 9.3 software (SAS Institute, Cary, North Carolina, USA).The significant level α was set as 0.05. Table 1 shows the characteristics of the included participants. The mean age of the included participants was 62 years (SD=5.4). Non-Hispanic African American group has the lowest married status (39.6%), family female breast cancer (11.6%), and MHT use (49.9%), but the highest obesity rate (45.5%). Non-Hispanic Asian/Pacific Islanders had the highest educational level (36.1% with graduate or above), never smoking rate (69.0%), and benign breast diseases (15.8%), but the lowest obesity rate (9.2%). Hispanics had the lowest educational level (19.1% with eleventh grade or below). The median follow up time of the included participants was 4203 days (11.5 years) and a total of 4054 patients (5.7%) developed breast cancer during the study period. Table 2 shows the associations between reproductive factors and breast cancer. Compared to women who never used MHT, current MHT users had significantly higher risk of breast cancer (adjusted HRs for <5 year user and for ≥5 year users were 1.24 (95% CI=1.10, 1.37) and 1.44 (95% CI=1.31, 1.58), respectively). Women with age at first pregnancy more than 35 years had significant higher risk of breast cancer (HR=1.40, 95% CI=1.12, 1.75) than women with age at first pregnancy less than 19 years. Our crude data analysis suggested that breast cancer risks gradually reduced with numbers of pregnancies increasing, however this association disappeared after adjusting for potential confounding factors. Compared to women with age at natural menopause less than 40 years, women with natural menopause age between 50-54 years (HR=1.15, 95% CI=1.00, 1.33) and with age more than 55 years (HR=1.24, 95% CI=1.06, 1.46) were more likely to have breast cancer. In addition, we found that surgery induced menopausal was associated with reduced breast cancer risk (HR=0.88, 95% CI=0.82, 0.94). 
Results
Sample characteristics
Reproductive factors and breast cancer for all races/ethnicities combined
<0.001
Abbreviations: SD, standard deviation; BMI, Body Mass Index; IQR, interquartile range. a The sum of the columns may not equal to the total number due to missing. b Significant associations are in bold. Reproductive factors and breast cancer stratified by races/ethnicities Table 3 shows the incidences of breast cancer among each reproductive factor and race/ethnicity categorized group. 
Discussion
In this subset of PLCO screening data sample, we found that different races/ethnicities had different breast cancer related reproductive risk factors. In non-Hispanic Caucasians, OC use, younger age at first pregnancy (i.e. 20-24 years), menopausal hormone therapy use, and advanced age at natural menopause were associated with increased risk of breast cancer, while more than ten times of pregnancies and surgery induced menopause reduced breast cancer risk. However, none of the reproductive factors were associated with breast cancer among non-Hispanic African Americans. Similar with non-Hispanic Caucasians, non-Hispanic Asian/Pacific Islanders who used menopausal hormone therapy for more than 5 years had increased risk of breast cancer. In Hispanics, we found that women who ever tried to get pregnant for more than one year had significantly increased risk of breast cancer.
In line with the literature 13 , we found that OC use was associated with borderline increased risk of breast cancer, which might be explained by the breast cell proliferation effect of OC
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. However, our stratification analysis suggested that OC use was associated with increased risk of breast cancer in non-Hispanic Caucasian group only but not in other race groups. We speculate that this phenomenon could be explained by the differences in timing, frequencies, and duration of OC use. Compared to other races/ethnicities, non-Hispanic Caucasians were more likely to use OC before first full-term birth 15 and with longer duration 15 , both of which were well-documented risk factor for breast cancer. Although only with slightly increased risk of breast cancer after OC use, non-Hispanic Caucasians seemed likely to be breast cancer venerable after OC use and they were expected to balance the pros and cons when considering to use OC especially before first full term birth.
Menopause hormone replacement therapy (MHT) was widely used for relief of menopausal symptoms such as hot flashes, sleep disturbances, vaginal dryness, and osteoporosis
17
. Although observational studies showed that MHT was associated with increased risk of breast cancer, the clinicians started to prescribe much lower doses of hormone for much shorter terms since 2002 when the Women's Health Initiative (WHI) study first confirmed that MHT use was associated with increased risk of breast cancer using a randomized clinical trial design 17 . In line with the literature, we found that MHT use was associated with increased risk of breast cancer in non-Hispanic Caucasian and non-Hispanic Asian/Pacific Islander groups but not in non-Hispanic African-American and Hispanic groups; and the effect of MHT on breast cancer was slightly stronger in non-Hispanic Asian/Pacific Islanders than that in non-Hispanic Caucasians 19 . This may be explained by the differed breast densities, MHT prescribing patterns, and estrogen sensitivities across different races/ethnicities. First, the breast densities among non-Hispanic Caucasians could be significantly higher than that of non-Hispanic African Americans but lower than that of non-Hispanic Asian/Pacific Islanders 19 . Therefore, the effects of exogenous hormones may be moderated by breast cancer densities across races/ethnicities. Second, compared with non-Hispanic Caucasians and Asians, non-Hispanic African Americans might less likely to prescribe combined estrogen and progestin 21 , which had stronger breast cancer effect than estrogen only 22 . Finally, previous studies suggested that Asian women had lower estrogen levels than their non-Hispanic Caucasian counterparts 23 . Therefore, it is possible that Asians are more sensitive to exogenous source of circulating hormones than non-Hispanic Caucasians and thus are at higher risk of breast cancer at the same exposure level. Abbreviations: PLCO, Prostate, Lung, Colorectal, and Ovarian study. a The sum of some categories may not be equal to the total due to missing. b The missing might contain women who hadn't completed menopause yet. c High missing rate of this variable was due to some of the included women never delivery babies. d High missing rate of this variable was due to some the included women never get pregnant. . In addition, breast cancer related gene polymorphisms may also mediate the lower breast cancer risk in non-Hispanic African Americans, non-Hispanic Asian/Pacific Islanders, and Hispanics, since previous study indicated that the spectrum of BRCA1/BRCA2 differed across races/ethnicities 25 . The PLCO dataset provide us a unique opportunity to examine the association between extremly high number of pregnancies and breast cancer by races/ethnicities. We found that only non-Hispanic Caucasian group with 10 or more times of pregnancies had reduced breast cancer risk, which indicated that pregnancy might need multiple episodes to play its breast cancer protection effect. Consistent with previous studies 26, 27 , we found that surgery induced menopause was associated with reduced risk of breast cancer in non-Hispanic Caucasians, which can be explained by the shortened duration of estrogen exposure time. Although bilateral prophylactic salpingo-oophorectomy could significantly reduce woman's breast cancer risk, cautious is needed to take when considering using risk-reducing surgeries, as surgical menopause could cause abrupt onset of menopausal symptoms and lead to lifelong side effects such as osteoporosis and vaginal dryness. Women who have severe menopausal symptoms after surgery might seek for MHT which is a well-established risk factor for breast cancer. We speculate that the reduced breast cancer effect by surgery might be attenuated to null by following MHT use.
Some studies but not all have suggested that early termination of pregnancy was associated with increased risk of breast cancer 28 . They believed that early termination of pregnancy, which often occurs at the first trimester of pregnancy when breast cells were undergoing great proliferation, was an abrupt interruption of pregnancy 29 . As a result, the breast will contain a high number of undifferentiated cells, which may influence woman's subsequent breast cancer risk. In this study, we observed that 2 or more times of early termination of pregnancy was associated with borderline increased risk of breast cancer only among non-Hispanic Asian/Pacific Islanders but not in other race groups, informing the association between early termination of pregnancy and breast cancer risk is weak.
This study had several limitations. First, the relative small sample sizes of minority race groups might impact the robustness of our findings. Some of the differences between race groups could be due to chance only, as most of our interaction analysis were non-significant. Replications are needed in larger samples. Second, our analytic sample was embedded in PLCO study which was a randomized clinical trial and not population based. Thus the participants in each race group might be not a representative sample of that race. Third, we were unable to control important genetic factors in this study and therefore cannot know the extent to which our findings may be affected by these factors. Fourth, self-reported reproductive factors especially some of the sensitive reproductive factors (e.g., abortion) may be subjected to recall bias but this is unlikely given the risk factor data was collected prior to cancer diagnosis. Fifth, due to the small numbers of breast cancer patients in non-Hispanic Caucasian ethnic groups, we didn't further explore the associations between reproductive factors and breast cancer among each race group by estrogen receptor status.
In conclusions, we found that different races/ethnicities had different breast cancer related reproductive risk factors. Non-Hispanic Caucasians had the most while other races/ethnicities only had few breast cancer related productive factors. Non-Hispanic Caucasians and non-Hispanic Asian/Pacific Islanders were at increased risk of developing breast cancer after MHT for more than five years.The effects of the reproductive factors on breast cancer were very similar among the minority race/ethnic groups, although most of the socio-demographic characteristics were different across the minority race/ethnic groups.
